Abstract. Using the NASA scatterometer (NSCAT) winds for initialization has greatly improved the Lamont-Doherty Earth Observatory model forecasts of the 1997/1998 E1 Nifio. The improvement is mostly attributed to the better resolved wind field in the southeast tropical Pacific. Because of the simplicity of the model and the short record of the NSCAT data, our model results should be taken as indicative rather than conclusive. Nevertheless, it is crucial to assimilate accurate information into the initial model state to predict the development of E1 Nifio. Satellite-derived wind products certainly have the potential to provide such information for real-time forecasting.
Introduction
The huge 1997/1998 E1 Nifio has not only caught the public eye but also posed new challenges to the scientific community. One question we have to address is how well we can predict an E1 Nifio like this with the models and observational data presently available. Prediction is the ultimate goal of our efforts in developing models and observing systems. It seems puzzling that some well-established E1 Nifio-Southern Oscillation (ENSO) forecast models failed to predict the onset of this warm event. For example, despite the apparent success of the Lamont-Doherty Earth Observatory model (hereinafter referred to as the Lamont model) in the past [Cane et al., 1986; Zebiak and Cane, 1987; Chen et al., 1995] , it experienced a failure this time. A possible explanation is that the climate has changed in a manner not well captured by the models and that they can no longer perform well without assimilating more or better data. This is supported by the fact that the general circulation models (GCMs) with extensive data assimilation have done a better job in recent years [e.g., Ji et al., 1997] . This is also supported by our present results, based on a series of forecast experiments using two different wind products for model initialization.
Here we evaluate the impact of the 9 months of NSCAT wind product on the model prediction of 1997/1998 E1 Nifio. Generally speaking, a short data set like this would have very limited use for studying climate variability, and its impact on climate prediction would be difficult to assess. Since the spin-up over several years has an influence on present conditions, ideally, we would have had NSCAT winds for several years prior to 1997. However, we are fortunate to have NSCAT launched at an auspicious time. In spite of its tragic disappearance, NSCAT does cover the whole onset phase of the recent E1 Nifio. Because of the large amplitude of this event, the impact of NSCAT winds can be evaluated unambiguously by examining the actual model forecasts initialized with this wind product. The Lamont model is ideal for this kind of experiment, since in its standard setting it takes only wind data for initialization, so that the impact of winds can be estimated independent of other data. More importantly, we would like to Copyright 1999 by the American Geophysical Union.
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Results

Initial Conditions
In this study the model was spun up with the Florida State University (FSU) wind stress as before, but for the period from October 1996 to June 1997, the FSU wind anomalies were replaced by the NSCAT wind anomalies for model initialization. The climatology used to calculate the NSCAT wind anomalies is from the FSU analyses. To reduce the transition error and systematic bias in amplitude, the mean standard deviation of the NSCAT wind stress anomalies in the equatorial Pacific was scaled to that of the FSU analyses for this 9-month period, which amounted to only about 5 % correction. This indicates that the wind stress anomalies of the two products have similar amplitudes, and their differences, if any, are mostly in their spatial patterns. Therefore the different model responses discussed below reflect the real differences in the wind products rather than artifacts introduced by our scaling or other procedures. 
Forecasts
The model forecasts of NINO 3 index (SST anomaly averaged over the region from 5øS to 5øN and from 90øW to 150øW) are compared in Figure 4 for the two cases. In the case with the FSU winds the mode failed to predict a large warm event, even when the E1 Nifio was already well under way. It warmed up reluctantly in the forced mode, as indicated by the initial condition of each forecast (the starting point of each curve); but in the forecast model the initial warm anomalies only grew for a short period of time and then decayed. It seems that the model was just not ready for an E1 Nifio. The situation is greatly changed in the case with the NSCAT winds. Although the model still did not show much activity for the first few months, it started to predict a warm event in March, and after that the forecasts became consistent and produced a rapid warming, 9 months of NSCAT data, so that we cannot afford a smooth enough transition from the FSU to the NSCAT winds. Although a scaling correction was applied to reduce the transition errors, some spurious transients could still be generated in the model. These transients might be partly responsible for the inability of the model to predict the E1 Nifio prior to March 1997, which remains a major default of this study.
It is also worth noting that the sensitivity to wind data reported here may not be found in other models that assimilate various data sets in addition to winds, because the correct information contained in other data, especially oceanic subsurface data, can make up for the deficiency in winds. As a matter of fact, we have tried to assimilate sea level observations (dynamically equivalent to thermocline depth in this model) for model initialization, which also greatly improved the prediction of the 1997/1998 E1 Nifio ]. Nonetheless, a reliable wind product is always needed, and its importance to ocean and climate modeling can never be overemphasized.
This study provides an example of the great potential of the satellite-derived wind products.
